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(57) Abstract 

PURPOSE: To realize a high luminance short wavelength 
semiconductor light emitting element by growing a high 
quality AIGaInN . based thin film with high 
reproducibility on a saphire substrate. 

CONSTITUTION: The semiconductor light emitting 
element comprises a plurality of semiconductor layers of 
AIGaInN based material laminated through buffer layers 
on a saphire substrate 10 wherein the buffer layer 
comprises a first porous AIN butter layer 11 for 
polarity control and nucleus formation formed sparcely 
(granularly) by lOnm or less on the surface of the 
substrate 10, and a second InN buffer layer 12 for 
relaxing thermal stress formed thicker than the first 
buffer layer 1 1 . 
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1 

tHW^yyyMit. A 1 G a I nN^*!-)|8|-Ai&}^D, iSL 

mtiJ'^yyrmit, a l Ga I nN«#!|s^*^e.:^Ottffi 
1 A l Ga I nN^tJiPI-d^&TS:?)^ 

s^Mfiiffl 2 A 7 T s t *^ s> *> ® T?* -s i 

[0 0 0 1] 

[jgH-hCDjpJ^^^] A 1 G a I n li^UU 

[0 0 0 2] 

T?*-5GaNttA>H=^-\'y:/A*3. 4eVt:*:fr<, 

-y-^T-fTtGaNttftT^S-S-**! sasS^i::*: 
StGaN (X«AlGaInN) WW^KSfcJ:?) 

[0 0 0 3] ;inic^u*&T^s^©]^ss:M?o-rsfc 

iSftWA 1 NXttGaN*teM^*{'i:t)A>v:7TSi 
hxm^Vftmi. ^©±irGaN)l*j^sK-r^::^)**^» 

sai[!^a*n 0 0 ox:(Di^^m\z:^Ui)^M-DrzmM^t 
fs.f). GaNgo^ftSK*iip]±t-st#;^e>iaTV^ 

[0 0 0 4] ;iO;&SS:fflVifc«-&. {flJ;SL«XiSlpI^© 
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2 

[0 0 0 5] 

r^7»«±»C»iftMOA 1 Ga I nNmmm'S:1^&^ 

b<SiJ[SStl-2>±fw. A<v7r®-t>CJ^fi£^n^A ] G 
a I nN^»l|g©i|gftlSI®t>+^^tttm^^Vi. 31 ©fc 
JJ), A 1 Ga I nN^#i|SF4fflV^fcii5}SS^&S®^i» 

[0 0 0 6] ±t2»1f«:#itbT;5:Snfcfc 

©7?, •t©ee*j<t-r«t;i5tt, <*^!B-&b!^vi»s± 
tr%>ii5a,«?^A 1 Ga I nj'i?^mm^n^^&<m^-r 

[0 0 0 71 

[8is*fifft-rsfc«e>©^©s,c/f^ffl] ±iHfias:«?ft 

*:^^bTA 1 Ga I nN^um^^fi^^mi^m'&mm 

hx■/3.!s>^^mwm^\z^s^^r. nyyrmis^. AiGa 
I nN^t^m^&^&o, ^WLmM\z^i\Mmzm^^n 

[0 0 0 8] CUTf, 2|5:fe??©a*bV>||JfiffifiltbT 

:;i(:©fe©*«^btf e)ns. 

(1) S«*Btcffi^<^^»c}gfi£^n 

(2) A'y7TBtt» AlNT*-5C:t. 

(3) miSfiSffiis> -y-^r-fyste, »*b<n-y-7r 

(4) nvyrm±\zwm-^^^wm\t. sttBSrps 

(5) A'y:7re©*Ksa^«, sso-soo'c. .to 

M*b<«5 0 0~7 0 O-CTftfeS^t. 

(6) /^•;;:7rB*Jg^bfc«IX^^J^fife®fcJi>©if^S#: 

[0 0 0 9] *fc> *S©^2©»igtt. *ieftS«± 

»C/'?-;;7 3'lS*:?hbTA 1 G a I n N?^*tiisf*->e)7^-5© 

mmwm^mMvxf3.^^m^m^izi5\.^x, nv^r 

mHi^A 1 Ga I nN«^!|SF*>f,;i5:tl. Sffi«ffilr^?LK 

< Jgfi£$ tlfcm 2 /N- 7 r S t ©ttB^iS*^ b fc 

[0 0 10] CISIT, *fg§g®M*bViSllSffi«<i:bT 

fS. :;^©fe©*<*vf e-ns. 

(1) mi/x-;^7rB«^ Sffi*®<C@»<^6lCJg^S 
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3 

t. 

(2) f^i Ay yy m\t A I n-^$>K>. ll2A-y7r)l« 
I nNXl^G a I nNTS)-5^ t. 

(3) f(i2nyyTM±\Z. W^yyrSOl T\<Dm¥tt: 

(4) ^m^&mt. ^yy^T&WL. »ib<tt-y-7T . 

7**S® c ^ 

(5) ;V;;7rS©*SSSmStt> 3 5 0-8 0 0*0, 
MSU<tt5 0 0~7 0 O'CTfe-SClt. 10 

(6) nvy7m±.\-z.m^-t^^M^m\t. m'&m^vM 

[0 0 111 3jEB^#e.oBf^trJ:n«. /-^-v^tS© 

^®!|st*«sji&b, -y-:7T'f T^*^S^4©^a^^fi«:*b 
[0 0 12] S«iaaA*7 0 0'CUATCDB$IC«, 

[0 0 13] ^J£oT, /'?^:/7T®®=SfJi:LT«^S® 
icBfe S t J^filc S n«:3^*V'^ !y 7 r B 

«, -9-7 r-r 7»««®T«3i^8 0 o-cc^icDateia 

fe? (cfiH-r Si^ A^<:RB*«% tVj:Vi 
[0 0 14] /i-/:7TM*t»ViS#ic^i;^m 

ini^M?isf (TMA) tvmmn (nh, ) 
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4 

MG) *^S&bTGaNJlCOfi£ftS:WiS-r^. 
[0 0 15] CinirML-. #ia«r7>^:-T*-&S^ 

CDf^e»^*^mScl'M'>T-S 7 OTorrtAT. a*b<« 
4 OTorr£AT®«JEE-FTfT^^:t*^fiS-efe^=li:«r^ 

[0 0 16] H9tt. xKlS4'»CT#aL-fcP#©A 1 NA 

ilStCDMfi^Sr^T. A*«y7rSP**l 0 nmiO^ViS. 
~ 8 n mmtr«e* J; 0 ;*:eJc«ffiS<DX If 3^ ^->-\';i' 

< , A 1 N (D^mmm iE>\zm^-s nxSrHW^ 

t:feoTViS. Z.Z.X. ;^y7rPJP**l 0 nmJ;DSf 
<T'bS5ifiR©xt:^'+v'^;i'B*«#6tl«c:i:«, 

[0 0 17] ^(Dii'^iZ^KKO/^yyTm^T&^V-k. 

^mxm<o$>^&^^m\'^rzm'tizit, c®*^e)aH::fy 
[Siico. 5° A^e> 1 0° (ssb<tti° d^^s" ) « 

[0 0 18] ^MtU^A 1 Nmffi©ffl^ 

^. fij!fJii^«*i#^nfc©tt, 350'Ci6^&800'C 
©ttBT?*»3, SSb<«5.0 0*0*^5 7 0 O'C-r* 

[0 0 19] :i©:^fe&fflV^Tfe. ^K/icGaN 

)l$:^ST^fci*t-^®KJSS:J¥<t"St. GaN©^ 

SMfli*n 0 0 orsmtitivi^tft, -tj-^r-fTStet 

GaN (X«A 1 Ga I nN) P^^ ©S^^JH^ =k D ?&ai 

Bttcte{a*iti;'cbfc»3i>y^fjn*i4b75:»3-rs. 
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m 1 ;\* y 7 7 e± affi 2 y\' y r ® &S 

[0 0 2 0] i^s*-i^fDC9fe8e>©A-v7TetAiiJ'f bfc 

I nS«^7cSStbT-^^^*fi|s^&^2;'^y7rBtbT 10 

Il2;t^;7r»»'«> I n&«l*K7C^tbT-&tf*t 

jfiv 7 r » ns ©t?ikj¥ s J? < « © 

[0 0 2 1] fiS*-iS«3ffi©m2A-y7r)i®m»^ib 20 
T«, 5 0 nmd^e. 1 0 0 0 nmiTf©j£Vi|6Bt?W^ 
t?*D, iSSb-^-rv^Ott I niS.^**! 0%d^e>9 0% 

/■^y :7 t bTfiefi-r-5tc«, I n ©«a^«jiE*«;*; 
^< 3 0 ot:*^?. 110 o'c*Tf©/2:viias«gHTj^^« 

[0 0 2 2] ^JiOJ;-5lC, ^}g^^©^l A-y7rS 

C ® J; 5 ^JSlSiS^ffiBlffl ©^ 2 7 r eJtt G a N ^ 

Sl»<fcae)»CGaN, A 1 N, A 1 GaN^© I nSr-^ 
*;&:Vi4^^y:f®&, 1 n©lIttlllA<^3t-ett^Vi5 0 0 

^^^^^(S 0 o'c©s«iaaE«SHt?^*j^*£t-^©*^a* 

bVi. Z.<D^-w:fM<DW^\'i. 5 0 nmd^e) 1 0 0 0 
n m©igH feints J; Vi. 
[0 0 2 3] ;S:43, 2|E%?S-eA-y7TSi:«^J^fi£. S 40 
ItSfffl, ^3li5)-iSfn^©e6<3*i$^^cH^«*b<«)KH^ 

:7T-f 7^©*-iKaSS±»CA 1 N^©^?L«^^©A'> 
7rJB*?^^-r5c:t«::±0, «ffi±J;iA i N©a(!^ffi 

^'^^)V^&(Dmt-tS.^. A-;; >'rll$rJ^*iEb;fc 

miCif£^#:^Tf^fi£©fc«e)©1®^©^»<*SS:B£SWiiS 

H»^fT5;ittr=kO, «««®i:^mt©Sf£;€:B§± 
bTS««H©@tt©SLn*B§±T?^-2). «EoT, y'^y 50 
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6 

7 rS±tJ^^-r«1tlS!c©¥^*S®^*iS>«2^^^SS 
tt©r6]±*tt*^:5C:i:*irg«.. ^*tbT, ^!Km<D 
A 1 G a I nNlS©^fi*«Blflgi:7S:»9, itSJPSMifeSI^ 
^^T©^3S*i^tg<i:3i*. 
[0 0 2 4] A 1 N#©^m-v:7rS±JCI n 

N-^Ga I r\li^(D^2nvyrM^m^t^z.t\z^ 
D, l|2Ay7rB*«f^S^i^?n®i:bT«8tg-rs^t 
A*-;/:7r@-htCj^^-r-5*IIS:©¥#<i|^S©i^ft 

[0 0 2 5] 

[*iSM] mT, 2|E^?a©llififi»l«:Effi«:#fibTUi?^ 
(HM^fll) 01«. *|«Ba©^ 1 ©IIJfifi»I«C^*3SW 

^vr^T^m. (.w-mmmm i o©cB±tfigs 

^]l^fiEi:SttSil^S?ffi©A 1 NUl A-;/ ^rSl 1 On 
m) *<5 8 0'C»CTjSSJ^^Sn> S&C«iS*-S?nffi 
©I nNm2Ay:7T^l 2 (0. 5Mm)*^5 0 0'C 
irX^SJ^fiKSn, -?-©±tCI n^%l»±^©GaN^ 
^^yil 13 (0. iMm) *<fiEfi}g^$nTV»«., 

[0 0 2 6] i~i 3*«}i^fi£sn&^ 

tc, 10 5 cc^-r^m^n, i^Bxm'SM.m<DGa 

o.T Inc., N^BSfiMJil4 (3. 0 Mm) , m^f-L 
bT«if^-rSS i H— ::^©nSA lo., Ga,., In 
o .iNi^v^'He (1. Otfm) 15, Ga,.T In 
... NBSttS (0. 5 Mm) 16, MgK-y©pS 
Alo.i Gao.i I no.nNi7^«> HJl (1. 0 Mm) 
17, Mg H— y©pSCGaNn>^'i7 (0. 5m 
m) lBiimAm^^tVX\^^^. 
[0 0 2 7] -^-bX, Vm 1 8±(Cl3;pfl!l«ffi 

2 1 tbTAu/C r/Pci*«jf^fi£Sn, XRSffiMW 1 
4±ftttnfl!l«a2 2 tbTAu/AuGe*iJ^^Sn 

[0 0 2 8] vl©.fcd)^«3fiX«, AlN||lA-y:7r 
Bl lttS«l 0_hlC^^IClKt^^lCJgJ«SnT^?LS« 
«l^r-55S^f^fS©/i:i)e>©A 1 Ga I nN^i|£ 
*<*:B©fi£S©K?©*S!l7ifi£S^tJ5:-5. In 
Nll2A>>7rli 1 2«^S*M*n)li:bTi»#, Al 
Ga I nN;S¥»#:Bi:S«l 0 i:©fl^ii^lceH-r 

•5e'ffi©%^-^t>^^ms*«i«ti»±r«) z. ta^t^^ 

^, fip-fe, 20©A>;/:7rBl 1. 1 2©ffli#tCit)ft 
«©A1 Ga I nN3S¥^(*^B*?^fdc-r^c:td«T#, 

[0 0 2 9] 0 2«, SttBl 6©;'?>H=^i^->7'$:^ 
^T%^i^S^£^;^:'S:fe©Xfe%. 13 2 (a) «i!fkfe% 
^:J^--r:t— H©0lJX*?), ^|ilS<SMBl4' ©m^&G 
a... I n... N, KB 1 5 ' . 1 7 ' ©mj5g* 

A 1 0. : G ao. n I no. t. N, fttt® 1 6 ' Offi^^rG 
a,.. In..s NibTV^S. H2 (b) 



( ! 
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In.., N, ^7>>HS15". 17"©m^^A 
1... Ga..oi I n..,,N, fS^Ml 6'"©*a^«:Ga 
0., I n.., NtbXVi^. 
[0 0 3 0] 03 (a) tt, JjftSi^g*nffl0^2/'«-;/:7 
rg3 2tUTGao.. I no. I NJlft&fflV^^'t^an?* 
^^^■WT'JIS 3 tbTttA 1 GaN€:fflVifc. S 

VXhi:<> 0 3 (b) tt-?-®J:'5)a:Mt?*S. 
Sfnffl©/'(«y7T)13 2 tbTA lo.i In«., N^ffi 

7re3 2 tbTSffi&ffiffl-r-&*i-a-<-«. i n© 

bTt>J;<, 03 (c) «-?-®J;57S:««JT$>^. 
[0 0 3 1] 0 4 *||J6«^^T©$Jifi»C'e£ffi bfc^ 

s^e*5^rWi^*£0T?*«>. 04'4 i«5ie®tc5R 
J^!|s^)!l-&:^^x*<*x$ns. ^tvx. sjs:«'4 irt®:^ 
[0 0 3 2] s:jsw4 1 :*7-3i?>ai©iJ-fey^' 
4±ir«g$n5. •9-fe7'^'4 4«ii5^jS=i'r-'i' 

[0 0 3 3] 04©^S«SeS:ffl^^fe^3»t^'1'^ 

(•y-:7r-TT»«i 0) *ij-fe:/^'4 4±»c«e-r«. 

:i!f>^«AP4 2 36^e.iSSMS;^c^*«i3'l 1 ^Ab> SJS 
1=4 irt©;*c^*®Sif :*Vi-t?, :^J7.g^^P 4 3 «r 
0_^ij_5l?>:f|CSiKb, SJS'i=4 ll^'Sri^Hb, F*9 
W><OB.-h^2 0~7 OTorrO«effi»'^^t"S. 

[0 0 3 4] :*vir. S«4 7 1 1 0 0*C1C 

Jraf^b«MSrjf^#-<t:-r^. :;*:vi-e, »«iass:4 5 o~ 

9 0 O-ClreTS-e-fc^. H, ;97.«rNH, N, 

m7L\tGa (CH, ) , ^V^«Ga (C. H, ) , 
AbTfiKfi^fT^. lllI#fCW«I^SA Hb-g-f^. 

Ai (CH, ) , sfeViHAi (c, H. ) , , mm^m. 

I n-fb-g-tl, mX\tlr\ (CH, ) , gfeV^tiln (C, 
H, ), ^^AbTAl. 1 n©mjDS:ff ■5. 
[0 0 3 5] F-fc!>i^=£fT'5«-&»rttH-t!>;^fflm 

i^b^i^, ^J;^«S i (CH, ) 4 . pM.«i:bT*«l 
^MMg-fb-g-ife, 09^«Cp, MgitVi«W«^MZn 

(CH, ) . ^^^m-t^, I ncogiipi^sn^sefes 
-r^fcfejt I n*■g•^^Jl?r^^^-r^<!:#lc^a> a 

r^®7KsS^fe-^*^tVi#H^T»e:TfiScSb, Hijsi-ibT 
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7>^:-7J;t)iH!?*0«Vi (CH, ) , N,H, Sffl 
[0 0 3 6])tci5, pSh*-/'^>H®ffi14<b*^-ttf* 

Tfe*. -e^iT, fi!cSMd^e.8 5 o'c*^e,7 0 ot:* 
r « g ^ o« S8 €r ffl] ;^ ^ to 7 > ^ - 7 + -e b , 

<ommm%±.\i^^-'Slfii(>^ t ^ ir is r f Xv ic 
10 j;V)*^bfc^^7>?;«j;p'f itT^ias-rs. j:nii« 
m^'^is^^(oMmmi-(omMifi^±\z.mitx^Q o ot: 

1 2 0 O-CCDiSiaTfCDSfeffiSd^PltgTf^SySittT:* 

[0 0 3 7] HilSttbTNH, ^1X10 

mol/min, Ga (CH, ) , €:1 1X10 ' mol/mi 
n, Al (CH, ) , SIXIO^' mol/min^AbT^ 
S&ff-5. ^Sta^lil 0 5 Ot:, JE::'3 3 8Torr, lIi|S|- 
;)?XOi|gS£fittl l/min . H:-/t> hlC«nSlCS 
i. pSJCMgSrfflVi^. Jli|s|.i:bT«S i (CH, ) 
20 Cp, MgS^/HfS. 

[0 0 3 8] bT#e.nfc'i7r[iA*X^lHlSTTSffi 

*;W«t»T?4 0 0~1 1 0 0*0 (»^b<tt7 0 0~10 

0 0*0 X7:=.-)V-t^Z.ii\Z^r). 7— -JWffcON© 
feltSrffi;^. pMB€:J:t)<£J&gi{b-r^ili:*^"JfliTfS> 
-5. 01 0»C7r:— JPfflCD^e®«EBSS*3St-. 
0ff9 1«RjS1f, 9 2ttC7xA, 9 3«t-^'«:*^a 

fcu-fe^^'v 9 4«j!;x*:Stt{bt-^fcje)©;ii^3St3'f 

30 )W 9 5ttig^iSt««i*5^bTV^-£.. 

[0 0 3 9] 7— — JHi?S#*lg«:iS:WbJS:V%^ 

i!l-&*'fb'&'Rn?ff^©'bSii*WTfe^o 7 
HS=&wr-5'fr*S<b-&«fe, «fiJ;^«x^;P7i?t*+<^7 

(^J6^J2) 0 5«. *%0JCD^2(D*iSC'J»C^t)«.^ 
)ty-f:t-H©^^^ifi=£:35^t-^®0T?$.5. 

[ 0 0 4 0 ] -y-^ T 7S^ 5 0 © C ®±lCfi&ft^J^fi£ 
tffittSOW-SWA 1 NBl Ay^TJlS 1 (9nm)** 
3 5 0 "C \ZX^^m^^ n. S ^ tC«iS*-igfiIffl O G a 
... 1 no.. Nm2A>;/:7TM5 2 (0. 5jLtm)*i5 
5 O'ClCT^gJ^fiKSn. ^CD±ICI niS^gSjhffl©G 
aN^-V">yS53 (0. 1 um) *«6 5 O'CJrXlsKfi 

[0 0 4 1] z.nh<o^m5 1-^5 ztimi&^nfz'^ 

\Z. 1 0 5 O-CST^msn, S e^b<ttS k-t'© 
50 nSGaNa^^i' hSS 4 (2. 0 y m) , *&?^5fCS 
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IfPffiCDS e^b<ttS H-:^Ga I nN (GaN~ 



Ga,.T In,., N) Sa^yW—x-f >^)i5 5 (1. 

:/Ga»., In.., NX|5||<£Mg56 (4. OMm). 
^^tlxTi(ifPr«.Se«b<ttSH-:/ (1X10" 
cm"') ©nUAl... G a,. ,, I no. 3. 7 H® 
5 7 (1. Oum) , Gao.7 In.., Nfi514P 5 8 
(0. 5 /xm) , Mg^b<«Zn H-y (1 X 1 0" 
cm'') ODpMAl... Gao. I. I no. N;?9-y H® 
5 9 (1. OAtm) , Mg^b<«Zn H-:^ (5X 1 10 

C'cm') ©pSGaN3>5'i7 0 (0. 5m 

m) *«)ii:;^fi£«J^^snTViS. 
[0 0 4 2] ^V-C. ::t>^i' hM6 0±Jc«Pd : 5 
0 0 nm, C r : 10 0 nm. Au : 5 0 0 nm*^, :3 
>^^hm5 4±(C«AuGe : 1 0 0 nm, Au : 5 

T4 0 o~8 0 ox:-vi»i9iiM^ti^—s.yi^mm (pfflS 
rnsei. n<w«a6 2) *ijgj*snTViS. 

[0 0 4 3] Z.(DJzofS.mj&-C$>^X^. AIN^W^ 
y7T®5 1 tGa I nNm2>'\'->7rJS 1 2©fl!l#lC 20 
iD, ^Sl©A 1 Ga InN?S¥»*|E)a*J^^'rsilt 

^tc^nmrn-c. ^^m5 8ti7yy]fm5 7. 59© 

[0 0 4 4] :^nmm-^it. 

UTttGa I nNJC(Se."rGaN«rffiViSZ:tfe-r#, 

OCDcSJiJCfi^&ifeJ^ffttSfifeMWfflWA 1 N^l A'.y 
^resi (9nm) ifi3 5 OX^iZX^&m^titl. S 
e»tCl^S*gfDffl<^)GaNm2A-«>7rS7 2 (0. 5 
Mm) *«5 5 0*C^rT^£SJ^fi£SnTViS. -^-bX, d 
©±»r0 5 tra#tC#S5 4~6 0dtfi£SJ^^^tlTV4 

[0 0 4 5] ^^\z. ^m^m^^c^^'^yyrm\-ifi< 

a*^e.a;&(^i]lC5° :t7bfea«5 o±»r^s^jgs£t 
ffilSftd^Wffl ©«t!|* A 1 1 /t y 7 r B 5 1 iW-i^mm 40 
5nm) AM 0 CCICTJ^^^tlTV^^. ^VX> Z.cr> 
±C@5 il^«IC#®5 4~6 O^i^SJ^^iSnxVi 

[0 0 4 6] (£SS}g^®:fe*tttX^Sfcn:j-/h$7S:^ 

fi.»c5)l*«x^*. a®±Jc^Sbfc«-&«-f*fi£ 

IC. E!cS5SJ^^©fci6©;s*«.y7r®tbT«GaN=fe^ 



[0 0 4 7] gI8«GaN^fi£fi-rsSS©7>^::^7iife 
ftt^*3SS©M«^T*D> i»8i5iSS (1 1 /min ) ©2 
0 0 1 7 UT t) G a N ISfK* 

i^Siia© 5 0 ^)-© 1 SS©i^ici^P*^'ft;»cir/i^. 

i^SiES© 1/5 0-1/2 0 0SS®7>^:- 

7«:^AbfcS^Jc^«o«iSi*^a'b«i^?.n. ^<n>i. 

aN$rffifflX^^. 

[0 0 4 8] fi.i&. *^B8«±5libfc=&*JS««llCPSS3 

mi^a*«-tl'A 1 G a I nN?^*J)|sfd^e.^^*^ 

t*«-if#-5. »««!i5>-rL%)-9-:7r'f7S«ttiia 
*fe©Xtt7S:<> S i C. ■?-<D<fi©^i^ffi*fflV^^;ii: 

[0 0 4 9] 

1 Ga I nN3K*t1Sfd%e.JS:SmT}^ffi©:fc:J&0¥S*is® 
^l<JlC<£^I5(S©A 1 Ga I nN^ii^^(*:®©l£ft*^'5It6t 
[0iS©ffi^:&l»^] 

[01] ^1 ©*iS«»l»'«Rfc«>Wfe%3t^^'*- H©^ 

[0 2] %\ ©#llfi«»I©^J^«^«rS^-r»rB0. 
[0 3] mi ©llig0!l©g'J©^?^«»l«:5^t-^B0. 

[04] ^msm=f<omc&\z.m.m\^it.^%&w^^-tm. 

llSi^^0. 

[05] m2©^lfi«IfetSt)«^^^'r:t-H©*^« 

[0 6] m 2 ©^ifi«»j©^j^«»j*55-r»fB0. 
[07] m2 (Dmmm^^mM'&^-fWimm. 

[08] GaN«rf!EST«>lll©7>^:— 7MSi:*Sa 
K©P«K«:5^-r4#'l40. 
[09] A 1 NA>i'7T®J»i:GaNg©XiSlHlSr*ffi 

iiii©H«&*t-4*'t§0. 

[0101 gijfi0!i»z«effiUfc7--;i.^e*^rsEiiiS«i 

10. 5 0--9-77f 7S« (*lKlfc^«i) 

11, 5 1— A 1 N^l/'^-y^r® 
12-1 nNm2;'?>y7r)i 

13, 5 3 — G aN^^-v^y^Jl 

14. 5 6-Ga I nN^f:[i(S®«« 



11 

15. 5 1 Ga I nNt^^^V KB 

16. 5 I nNSttii 

17. 5 1 Ga I nN^5'*;/ 

18. 6 0-pSGaN:3>^^i7 hB 

2 1. 2 2, 6 1. 6 2-mffi 

3 2 — Ga 1 nNAyyrM 

mi] 

21 

V, '9 



( 7 ) If M¥7 - 2 4 9 7 9 5 

12 

3 3 —A 1 G aN+'^'^/^B 

5 2--G a I nNf^2nyyTM 

5 4-n^G aNr3>^^ti7 hS 

5 5-n^Ga I n Nfi^i?^!^— >i^/i 

7 2-GaNS2A-/:7r® 



m2] 



GoN^ 



p-6aN 



p-Afe2Goo.45lna»N 



Gaft7lna3 W 



-17 
-16 



Gocfilnos N 



(0) 



^14 



M3 
12 
11 



21 



n-AlO2GQ025lnQS5N 



Gao5lnGy5N 



-10 



[04] 




21 



p-AlQ2GaQ05lna75N 



n-AJlO2GaQt»In075N 



GoasInarN 



[08] 



-18 
-16' 

^12 

~n 



-IB 

?^I4- 
^10 




1000 



NH»ifea(ccm)- 



( 8 ) 



#M¥7 -2 4 9 7 9 5 



MGON. 



MN 



I 

JZZZZ2X. 



1 



-f- 



17 



I: 



Gosnr 

CoInN |33 



AIGON 32 

( b) 



24- 

2 NO 



17] 



18 
-17 
-16 
-15 

■^-33 
-32 
-I I 

MO 



lo) 



le ^ 

/\__— _EZZZ2_ 



( C i 





^61 


p-GoN 


-^60 


p-AHGoInN 


-^59 


GoInN 


-^58 


n-ASGolnN 


-^57 


n-GaInN 


-^56 




^55 


n-GaInN 




vrrr 


Go N 




1 



~62 

-51 
"50 



22 



. Au/Cr/Pd 



GoN 



p-Go N * Mg 



p-Alo.|GOQ55l"»035W • Mg 



GaQfi5lna35N 



n-AlojGQQS6ln035N : Se 



n-Goo7lno3N : Se 



n-6oN^Goo7lno.3N Se 



--61 

^55 
Au/AuGc 



n-GoN^Se 



GoQslnosN 



-62 

] — 53 
^51 



^50 



AIN 



[06] 


k^61 




p-GflN 




P-AIGqIdN 




GoInN 


-^58 


n-AIGoInN 


-^57 


n-GfllfiN 


-^56 

y-55 


n -GoInN 






n-6oN 


GaN 







•54 

*72 
•51 

-50 



4#M¥7 -2 4 9 7 9 




